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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a low thermal 
expansion and high rigidity ceramic structural member 
suitable for a member for a semiconductor device 
producing apparatus capable of precisely producing a 
precise circuit board. 

SOLUTION: The ceramic structural member is based on 
a cordierite crystal phase, contains 0.5-10 wt.% 



(expressed in terms of oxide) at least one selected from 
the group of the groups I la, I! lb and IVb elements of 
the Periodic Table with the exception of Mg, Al and Si, 
further contains a silicate compd. crystal phase contg. 
groups lla and lllb elements and an aluminum silicate 
crystal phase, optionally contains ^20 wt.% (expressed in 
terms of oxide) rare earth element and ^30 wt.% silicon 
nitride, silicon carbide, silicon oxynitride, etc., and 

has ^30 GPa relative density, ^0.5x1 0-®/°C coefft. of 
thermal expansion at room temp, and ^130 GPa Young's 
modulus. 

COPYRIGHT; (C)1999,JPO 



(19) B2|cH#I^Jt (JP) 



02) 1^ ^ ^ (A) 



1-236262 

(43) H ^fiicll^(1999) 8 ^31 H 



(sDintci." mm^ 

C 0 4 B 35/195 
H 0 1 L 21/68 
//HOIL 21/205 



F I 

C0 4B 35/16 
HOIL 21/68 
21/205 



m^m^ 5 OL (^ 7 M) 



(21)ttlS#^ 




(71)ffilSA 


000006633 












¥J«10^(1998)2^23B 























































(54) mmo^m ^tm^±^s.vi;7.immt^iixptn^m^^ti^mwm^w&mmmmt 



(57) mm^ 

^m2a, 3 b:teJ:lX4 bj^TC^OP (fib. Mg. A 

K-ft^j^^T 0 . 5~ioafi%^*« $e{CHf(ieii2 
■r^tB*fiSs?7!>n 3 OGP aJii^±> MiM^mmmmo. 5 

X 1 0-'/'Ci^;lT, '\'yifmi 3 0 GP a Jii±®<g;ift)10 



( 

1 

Mitniioi^wc 0 . 5~i omm%^?f-^ ffi*^^ffi*^9 5 

^> i/^-A^ 1 3 0 G P a liX±<Di&mm^W± y=. -ji> 
{mim2'[ HatB^M»lS^2 a feet 1/3 bj^5t«®il 

mim^.] mt-^m. ^-fts^, m^^t^^«>^*^^ 

[0 0 0 1] 

— 7^ i: CD ^-Sflsffiijg T'D ir 7. Id *5 It ^ SSiiSSffl SB** t 
[0 0 0 2] 

;5t/5tt=i-v?x7-r h^J^fiiot'SMgO. Ali O, , 
S i O, t»5^*gB-&bT. :intrJ^Sggb?tiJtbT, #± 
I^TC^K-fbtl^. S i O, , CaO, MgO/j:i:*^.JP 
RJr^J^^KtC^KJi^f^, 1 0 0 0X:~ 1 4 0 OV.(D^& 
-ei^iiS-r^VtCi-pTfPMSnSo (^i^BSS 7-36 
29^, !|#W¥2-2 2 9 7 6 0^) „ 

[0 0 0 3] L s I f^E<7i^mwmkm^m'f-(r> 

09lH]SSJgfi£®fc*CDB7tSSc^XY5^-:/;U. S^t'^tt 



2 ) 1 -2 3 6 2 6 2 

2 

[0 0 0 4] Sfc«jGT«, n-v^x^-f h(Dte^AJgBS 

g|?p°p t LT^SfflT^ ^ i:*^*. 1 - 1 9 1 4 2 2^ 

^. 6- 9 7 6 7 5 nxv^^. Itg^^ 

1 - 1 9 1 4 2 2^\Z^tl\■t. XS^-7Xi7(c:jott^-77. 

i7mm\zmm-r^m^u>i^tLx. s i o, , -r>A- 

6 - 9 7 6 7 5 -^Ttt, '::7xy\*iEM-r^^®^-\' 
[0 0 0 5] 

[^BJ/5^»*t t-r^S^^] ifi¥, L S I 

0 0nm(0. 1 Mm) Ei.TcD'KgftidsttS^^'S*^ 
f6]± 75:^# Srj;:^ b T ^ ®*i^ttT$> , 

[0 0 0 6] i¥^m^mTtmmmthT-mzm\'^^nx 

lt^T!?*)I^5i^tt/h^Fl/ifcC9CD. 1 0~4 O'CCD^JMM 

*«^n^*n, 5. 2xio-'/'c, 1. 5X10-'/ 
■CT^D. i?H^?aa*^o. l"CaHfr-2)tfCl 0 0 n 

m (0. itim) (D^mm±r^^t.\ztiK>. m%m 

30 TVi-5„ 

[0 0 0 7] cntCpk^bT^ n-iJx^'f 
m&^^-h^O. 2 X 1 0-'/"Cgafi:, 
^'(kS^t;lt«jbTf^Jg3i^/0^®<, ±faoJ;5 7i»^ 

[0 0 0 8] <hc;5*^, Sl7t^SfflX5^— 5^©J;51C, 
->U :3 >":7XA^«gbfc3^i##:/5^m7tMai£rJSTi£S 

m^m^iiLmiz^±'^t>mwsi^-c^<o . ^©fc^ic. ^ 

^±xum^&!)umMttj.-ox\,^r^o 
[0 0 0 9] coj^otmrnt. m^'^i^omm^m^ 
z.t\z^-:>x^\^mz.-sn^^(Dx&^zt^^<B. zn 
i^(Dmi\z^\^x\m^mm. wt>m^>ifm*^s^-^ 

[0 0 10] tSoT« *^BJcDge<]«, ^nS<$:{g;ilJ;)l^ 

^is.mm^^-^ys.yC7.mm^^^t^^ir^\z$>^, * 
50 fc. :^%m<Dm(DBmt. mmmm^m^m<D^m.w 



( 3 ) 

3 

[0 0 11] 

[0 0 12] IP%, if%m\t. a-i^ji^^ hSSftlS^ 

«sb. Mg, A 1 ^Dctu^s i ^Pi^<c> ) i)^^m\in^ 
xio-*/t:i^T. ^^yifmi^^i 3 OGP a£i±(Di&m 

(Dm^^^^^-r^^t. mit^m. mimm. mmm 
[0 0 13] ^tz. *^B^ic:i:n«> ±tmmmm'^^ 

[0 0 14] 

[^m(Dmm(Dmm] :^mMiz:^n^±:y^yi^mm^ 30 
mwco. 5~ioas%. ^^L<\t2^8mm%<D 

[0 0 1 5] jl^^^^2 a, 3h:^^U4hm7i.m<7:> 

m (fib. Mg. A 1 4oi;r/s i ^i^<o ) ;6^e>iian 
^{}>fji<thim^mm'rh:itizj:v. m&x^mm 

^y^mt. mmmt^^mt^^Lt^x^^o mm 40 
#^^2 a. 3hi6^iSAhm7tm<7:>m mh. Mg. 
A 1 ^^xss i ^i^<o ) t-^^mun^puK t^\m 

(D7LMhlyX\t. Ca, Sr, Ba, B, Ge, In, 

[0 0 16] ±.m}S.i^o^^m^±%^(Dx^\zm^vrz 
(D\t. mmw^m2a. 3h^^xsAhm7tm(Dm ({a 
Mg, A 1 ^^us i ^i^<o ) t-^^mun^pu 



1 1 - 2 3 6 2 6 2 

4 

[0 0 17] ifmm\^mm^%^y^vi^7smmm 

jtm(Dm (fflb> Mg. A 1 ^^US i ^P^<o ) 75^5) 

m\tn^'>u<t^im (m) y^)^-v\\:.^m^ 

^ffi. fe^VHi7;i^^:=.r:7A>-U'^r-hS;£^ffl^?i^^b 
T ^ i >^ C t;?^*^ S b V ^ o -> U ^ " h -ft^^^f^^ 

ffita^bXtlv MAI 5 S\^ Og ^;^)^^tf C)n^o 
[0 0 18] ^tz. t^t'^^^y^y^7.^\Z\t. ^±m 

7vm^mitmmnx2 omm%}^r. mz. i^-i oa 

Dym^m^-f^n. z.n^itmi^m^\zmitmtL 

[0 0 19] u:^. ^±m7cmcomitmmnm'^^2 om 
0. 5x1 Q-'/'x:^m^xL^\^^^mM(Dmmzm'^ 

[0 0 2 0] :*:^BJtCj;nt^\ ±y^yi7 7.^lZ. ^tl 

^T. #{z 1 0-2 oaa^c^fj^T^^itbaej-sciti: 
\z^r). i&nmm^^m^i^^^. ^ib\zm^>^mo:> 
±y^y^ 7.mmmi^n^ z: tf)^x^^o 

[0 0 2 1] Z.n^(D^^\t. ±:y^y^7.^\Zi^^m, 

^^bT^¥ffi-r^o cti^cD^xhmimmtmhm^ 

m. ^^mm. m^^mm<D^sfm7!}^3 omm%^mK. 
^t. ±y^y^7sCDmmmmi)mm3m'f)^o. 5x1 
xx:^mAxLm\^K :^mMcosmzm'^u<u 

[0 0 2 2] ^tz. :^%B^<D±y^yi7y.lt. mMWm 

'/3^9 s%^±x$>^zt^m^x&^o z.n\t. 

5%^D^d^'^\^^t. 1 3 OGP aJ^i.±(DiS-V> 

^mf}m^^nt^\^^rzidx&^o mMmm^t^^^zMi^ 

[0 0 2 3] :^^miz^»^±$^<Dj^ou^mmm±y 
^y^xmrnmi^i^m-r^bizit. w-^^m^ioumu 

wr(Dmmm^m2a. 3h:^^zs4hm7tmo:>i^ m 
b, Mg, A I *5cttxs i *^<o ) t^i^m^tn^a^^u 
Kt^imoit^m^m^tmz^nLxo. 5-- 10a 
myomi^xmrn-r^o i\:^mti.x\t. mitm. mt 



( 4 ) 

5 

[0 0 2 4] $ \Z\t. W-i^n% 10m m^T<D^±m 

asrs oss%£i.T®fiJ^T-3ii:S3'&U;fc^> 

[0 0 2 5] -^-Otl. :L(nm^W^ 1200-1 500 

"c. !^tii 3 0 o~i 4 0 o'c©$eht i~i oBtrB^e lo 

[0 0 2 6] ^^figtca&fcOs M'fb 

[0 0 2 7] ^fc. mm»mm2 aid^zS3 hmytno 
m ({SL. Mg. Al^XtJ-S \^U<, ) A^?.3lKn 20 
^'>;^< <tt>lSc7)->uy-h^b^%S£Stl, 

J5feraft75^6 1 0 0 CCSTtJ^mSiiig^S 0 0t:/h r 
[0 0 2 8] ;^c:fe. *^0^K><g;^)ie?S-fe5 5->i7 7.;^3t 



mf^W-l 1 -2 3 6 2 6 2 
6 

[0 0 2 9] sfc, :^%m(Di^mm'^'&-^=yzv^:^mT& 
mtfu'[L7.\z^\-i^%mmT^mit\.x^mmr^z. 

[0 0 3 0] 

immm] =i-i^jiy-i hm* (^mm2(im. be 
-r'Bmmmmmm2 a, 3 b*5j;uf4 bs^Tc^it^ii^. 

m^^m^^r. ^l~4lc^.Tffifiic(c;i^J;-5tie-& 

1 t/cm' T'^mmmLtz, ^lt, fSJi^^^ 

'(l:amM®IEI*('AnT« 1 ~ 4 ©^#Tj^fi£bfco 
*3. StilSfNo. 3~6. 11. 15~20. 23, 32, 
3 3, 3 5. 3 8 ttOV^TH 1 0 0 0'CS-r2 0 Ot:/ 
h r-e»)^b. ^Oft!l«5 0 or/h r ODJ^SJtSX'l^ 

[0 0 3 1] tte^n;^:^.^^^*:^^^^. 3X4X14in 
[0 0 3 2] 

[SI] 



( 5 ) 



iNf?B¥l 1 -2 3 6 2 6 2 



No. 



iii) 



rc) 



IS 
* 

(%) 



XIO 



(GPa) 



* 1 



* 2 



* 9 



lOO 



99.98 



99 



97 



95 



95 



92 



90 



88 



CaCOa 0.D2 



CaC03 



] 



CaJCOs 



CaCOs 



CaO 



CaCOa 8 



CaCOa 10 



CaCO^i 12 



1400 



93 



O.l 



14U0 



94 



0.2 



1400 



96 



0.4 



1400 



98 



0.2 



1400 



98 



0.2 



1400 



98 



0.3 



1400 



99 



o.a 



1400 
1400 



99 



0.4 



99 



0.6 



110 



115 



140 



140 



145 



150 



155 



140 



140 



CaAiiSi208 



CaAhShOs 



CaAliSizOn 



10 



11 



12 



93 



90 
86 



CaCOa 



CaCOs 



Y^Os 5 



CaCOs 



YaOs 10 



1400 



98 



0.] 



1400 



99 



0.3 



1400 



99 



0,2 



140 



155 



140 



CaAl3Si208 



13 



414 



15 



16 



76 



70 



93 



90 



CaCOa 



YiOa 20 



CaCOs 



YaOi 25 



CaCOa 



YbaOa 2 



CaCOa 



IriQs 5 



a 1) ffli^c^^iam m^mii^n&v$>^. 



1400 



99 



0.4 



1400 



99 



0.9 



1400 



98 



0.3 



1400 



99 



0.3 



145 



150 



160 



165 



GnAhSUO* 
YbaSiflO? 



CaAhSiiO* 



[0 0 3 



1 -2 3 6 2 6 2 



No. 






REsOs 


fa 




If) 


XlO"* 


CGPa) 




* 17 










1100 


88 


0.3 


110 


SrAliSiaUi 


1 Q 

lo 




^njus 0 






1250 


% 


0.2 


140 


SrAUSiaO* 


19 


yo 








1400 


96 


0.2 


150 


SrAUSitrOi 


20 


Wi> 








1450 


99 


0.4 


140 






95 








1550 






22 


93 


briXJi b 


laUi z 




1400 


99 


0.3 


no 




23 


90 


SriDi b 


V ri c 
T2U3 0 




1400 


100 


0.3 


160 




24 


90 


SrCOs 5 




•aisrii 3 




97 


0.3 


170 




25 


85 


SrCOt 5 




QwM^ in 




97 


0.3 


i lu 




26 


65 


SrCQi 5 




D 1 311 4 OU 




95 


0,4 


180 




J* 27 


55 


SrCOj 5 








92 


1.0 


160 




28 


SO 


SrCOs 5 


V n C 
laUi 0 




i*iLAJ 


99 


0.4 


170 




29 


75 


SrCOa 5 


Yb20a 5 


SisN4 lo 




99 


0.4 


170 




30 


85 


SrCOs 5 




ML iU 




97 


0.4 


175 




31 


85 


SrCOa 5 








98 


0,2 


165 




32 


95 


BdCOa 5 






1400 


96 


0.1 


145 


BaAhSlzOs 


33 


3A 


EaCOa 5 


VaOj 1 




1400 


96 


0.4 


140 


BaAIsSiaOt 


34 


87 


BaCOa 5 


YjOs 8 




1400 


99 


0.5 


145 




35 


$0 


BaCOa 5 




SisN^ 5 


1400 


97 


0.4 


170 


BaAUSisOs 


36 


85 


BaCOa 5 




SibNa 10 


1400 


98 


0.4 


170 





No. 




ms%) 


REsOa 


m 


% 


i%) 


XlO"* 

(yc) 


(GPa) 




37 


95 


Ga203 5 






1400 


99 


0.2 


155 


Ga3Si207 


38 


95 


InaOs 5 






1400 


97 


0.2 


160 


InsSiaO? 


39 


90 


GazOs 5 


YbaOa 5 




1400 


98 


0.4 


160 




40 


90 


GazOs 5 




SisN^ 5 


1400 


98 


0.4 


170 




*41 


99.97 


B203 0. 03 






1400 


93 


0.2 


120 




42 


99 


BzOa 1 






1400 


95 


0.4 


135 




43 


95 


B2OS 5 






1400 


97 


0.3 


150 




44 


92 


B203 8 






1400 


99 


0.5 


140 




*45 


88 


B2O3 12 






1400 


99 


0.6 


130 




46 


95 


B4C 5 






1400 


97 


0.5 


150 




47 


90 


BzOi 5 


yb203 5 




1400 


99 


0.3 


130 




48 


90 


BzOa 5 






1400 


98 


0.4 


160 





( 7 ) ^m^l 1 -2 3 6 2 6 2 

11 12 
[0 0 3 5] [^4] 



No, 






RE2O3 




^) 


^%) 




(GPa) 




49 


95 


SnOa 5 






1400 


98 


0.2 


150 




60 


99 


GeOa 1 






1400 


95 


0.3 


130 




61 


95 


GeOs 5 






1400 


98 


0.2 


155 




52 


92 


GeOa 8 






1400 


99 


0.4 


140 




53 


90 


GeOi 5 


YbaOs 5 




1400 


99 


0.3 


140 




54 


90 


GeOi 5 




SisN* 5 


1400 


99 


0.4 


170 





[0 0 3 6] ^i--'4(Dmm^^^m^i)^f^<^o\z. mm 
^rz.m2a. 3 b*5j;t/4 b;^7c^a;i)n oaa%j; 

D^)^V:»K*4No. 9, 4 5. ^±^^ft^^«;^^^ 2 0 Mft 

1 o-'/'c^®x.^t><7)T$.ofco ^fz. mm^mn 20 

5 0 OT;i:Dfc^i5l/^li*4No. 2 1 lig«?bT L^l^. 
^rUS;6U 2 0 OT;cJ:Dfe{giV:^^5^No. 1 7Tii. mm 

[0 0 3 7] z.ti^(Dimm\z^i^x. :$^^m\zm^< 
mm. \^^^nhmmmm:^^o, sx i o-^/rt^Tco 
i&mmm^it^^h. -^^iziti 3 ogp ai^±(D^> 

mtmm^muLfzumNo, 2 4--2 6. 28-31. 

35. 36. 40. 48. 5 4\t. ■^>^*^^16 0G 
P aU±\ZM^^:Ztf)^X^rzo 30 



[0 0 3 8] ^tz. mmm^m2 a^^zss hmTtm^ 

hfSM^Wttl$-&fcl^»No. 3-6. 11. 15-1 
6. 1 8-2 0. 2 3. 3 2. 3 3. 3 5. 3 7. 3 8 

Tit. \^^-rnh'^>^*m^i 4 OGP a]^±\zM^^c 
^/^^^T^. znib^m^^t)'ttrzunisiQ. 3 dxit. ^ 

[0 0 3 9] 

z.tt^x^^. -^(D^^^. z.(Dmmm±^^y^7.m 
mmi^mrMr<i^]^^^Mjs.'r^rz^(o^jL;\\zmytm 

^^mffi:^y^-z^f^^tVrm^^^:itlzJ:V. I?fflm 

m^n^tthiz. mm^zi^ommo:)i&r^h&5±'r^ 



